INTRODUCTION {#sec1-1}
============

Toxoplasmosis is a worldwide infection, which can be acquired through the ingestion of tissue cysts in poorly cooked meat, inadvertent intake of sporulated oocysts excreted in cat feces, and transplacental route.\[[@ref1]\] The infection in pregnant women is mainly asymptomatic and undiagnosed, but can be transmitted to the fetus and produce congenital infection. The risk of fetal transmission is about 25--65% and increases with gestational age at the time of maternal exposure, while the severity of the disease is related inversely to gestational age. \[[@ref2]\] Severely infected infants could represent fever, hydrocephaly or microcephaly, hepatosplenomegaly, jaundice, convulsions, chorioretinitis (usually bilateral), and cerebral calcifications at birth.\[[@ref2]\] These constitute a minority of the congenitally infected infants and most of them have no or mild symptoms at birth but show major sequels as chorioretinitis, strabismus, blindness, hydrocephaly or microcephaly, cerebral calcifications, developmental delay, epilepsy, or deafness in months or years later.\[[@ref2]\] Toxoplasmic chorioretinitis in older children and adults usually is the result of congenital infection.\[[@ref2]\]

To prevent congenital toxoplasmosis, it is necessary to determine the epidemiology and risk factors of the toxoplasma infection in women of childbearing ages. Therefore, the prevalence of fetal infection could be decreased in the community by implementing preventive measures in high-risk women and diagnosis and treatment of maternal infection at the early stages of the disease. There are many researches in prevalence of anti-*Toxoplasma gondii* antibody among Iranian women. The prevalence in highschool girls of Fasa, Isfahan, Tehran, and Bushehr cities was 10%, 17.5%, 17.76%, and 22.1%, respectively.\[[@ref3]--[@ref6]\] Among female students of the Persian Gulf University, the prevalence was found to be 11.5%.\[[@ref7]\] In unmarried girls of Ghazvin,\[[@ref8]\] Gorgan,\[[@ref9]\] and Babol\[[@ref10]\] the prevalence is estimated as 34%, 48.3%, and 63.9%, respectively. Many studies on seroprevalence of *T. gondii* infection have been performed in pregnant women who referred for a pregnancy test to a laboratory or for routine exams in an obstetric clinic. The seroprevalence was 19.2%, 27%, 27.6%, 32.7%, 33.5%, 37.8%, 44.8%, 45.5%, 48.3%, 54.2%, 74.6%, and 84% in Sabzevar,\[[@ref11]\] Zahedan,\[[@ref12]\] Chaharmahal o Bakhtiari,\[[@ref13]\] Kkermanshah,\[[@ref14]\] Hamedan,\[[@ref15]\] Bushehr,\[[@ref16]\] Ilam,\[[@ref17]\] Karaj,\[[@ref18]\] Rafsanjan,\[[@ref19]\] Kashan,\[[@ref20]\] Sari,\[[@ref21]\] and Tehran,\[[@ref22]\] respectively. In general, there is a decrease in the number of infected individuals from humid areas in north to dry provinces in central and south to mountainous regions in west Iran. Although these researches are helpful, they have been based on school, university, laboratory, hospital, or clinic samples that lack the statistical representation of the whole population of the women. Therefore, we performed a population-based cross-sectional study to determine the exact prevalence of *T. gondii* infection in women from rural and urban areas of Isfahan Province, central Iran, to identify characteristics of the individuals associated with seropositivity.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

A total of 217 women in the age range of 10-50 years were randomly selected from among participants in a cross-sectional study performed in 2006 on hepatitis A. The sampling was performed by the multistage cluster sampling method in the entire population of Isfahan State.\[[@ref23]\] The participants signed written informed consent to take part in epidemiological surveys. Sera were extracted from 5-ml venous blood samples collected from the participants. Isolated sera were frozen by the aliquot method and stored at -70ΊC until assay. A questionnaire including demographic, educational, and marriage status of the participants was filled and coded by trained interviewers at the time of blood sampling.Laboratory Method

After selection of the samples, frozen sera were liquefied at room temperature and tested for IgG anti-*T. gondii* antibody using a commercial enzyme-linked immunosorbent assay (ELISA) kit (Dia-Pro, Milan, Italy). According to the recommendation of the kit, absorbance levels below 9 were considered as negative, 9 to 11 assumed as equivocal, and above 11 to be positive. The samples with equivocal results were retested and accordingly accepted as negative or positive. If the second test result was equivocal, the sample was excluded from the study.

The study was approved by the Regional Bioethics Committee of the Research Department of Isfahan University of Medical Sciences.

RESULTS {#sec1-3}
=======

The overall prevalence of *T. gondii* infection was 47.5% (103/217). Table 1 shows the distribution of the participants in various age and residence groups. The distribution of age and residence was similar to that of the entire population in Isfahan Province in the year of the study.

[Figure 1](#F1){ref-type="fig"} illustrates seroprevalence of *T. gondii* infection in accordance to age and residence groups in studied population. The rate of seropositive women rose sharply from the age range 20--30 to 30--40 years in rural areas and 10-20 to 20-30 years in urban areas. The highest yearly increase in rural areas was 3.7% (in age range 30-40 years) and in urban regions was 4.29% (in age range 20-30 years). Accordingly, if we assume that each pregnancy lasts 9 months and if the moderate rate of fetal infection in each maternal infection were 40%, the theoretical estimate of congenital toxoplasmosis would be 1.1% in rural areas (in age range 30-40 years) and in urban regions this estimate was 1.29% (in the age range of 20--30 years).

![Seroprevalence of Toxoplasma gondii infection in women of child bearing are in Isfahan Province in accordance to age and residence groups](ABR-1-60-g001){#F1}

The seroprevalence in the age range 30--40 years shows a statistical difference in rural (11/14, 78.6%) and urban (22/47, 46.8%) areas (*P* = 0.036). There was no significant difference between other age groups and also between inhabitants of urban and rural areas in the remaining age groups.

Marital status (married versus single) in the age range 20--30 years has a significant effect on seroprevalence of *T. gondii* infection. Sixty-three percent (34/54) of married women versus 33.3 percent (5/15) of single women in the age range 20--30 years showed evidence of *T. gondii* infection (*P* = 0.041), while this difference in other age groups was insignificant. We assessed the effect of marriage in ages above 20 years by eliminating age as a confounder variable by Mantel--Haenszel common odds ratio estimate and found no significant effect for the variable.

Our data revealed no significant difference between the seroprevalence in educated (54.4%, 93/171) and uneducated (33.3%, 3/9) (*P* = 0.217), and also between levels of education in participants with ages above 20 years. The prevalence was 57.8% (26/45) in primary school (*P* = 0.179), 57.1% (20/35) in junior high school (*P* = 0.955), 53.8% (14/26) in high school, and 50.8% (33/65) in higher levels of education.

DISCUSSION {#sec1-4}
==========

This study revealed a moderate infection rate (47.5%) with *T. gondii* protozoa in women of childbearing age in Isfahan Province, central Iran, in comparison with that in other countries and other states of Iran. Different investigations performed on pregnant women throughout the world show a wide spectrum of seropositivity. While higher prevalences of about 75--85% have been reported from Latin America,\[[@ref24]\] central\[[@ref25][@ref26]\] and east Europe,\[[@ref27]\] and Southeast Asia,\[[@ref28]\] lower rates of near 20--30% are found in North America\[[@ref29]\] and northern Europe.\[[@ref30]\]

The prevalence we observed was approximately similar to those reported from Kerman\[[@ref31]\] (46.9%), Ilam\[[@ref17]\] (44.8%), Karaj\[[@ref18]\] (45.5%), Rafsanjan\[[@ref19]\] (48.3%), and Kashan\[[@ref20]\] (54.2%); lower than northern cities\[[@ref21]\] (74.6%) and Tehran\[[@ref22]\] (84%); and higher than those in Sabzewar\[[@ref11]\] (19.2%), Zahedan\[[@ref12]\] (27%), Chahar mahal\[[@ref13]\] (27.6%), Hamedan\[[@ref14][@ref32]\] (33.5%, 38.9%), Kerman shah\[[@ref15]\] (32.7%), and Bushehr\[[@ref16]\] (37.8%). These differences may be explained by climate conditions, nutritional behaviors, and keeping cats as pets, but the age of participants, other inclusion criteria, assay and sampling methods, and the year of the study may be other contributors. Because these studies included various groups of women (highschool girls, single, and pregnant) in different ages, they could not accurately predict the risk of congenital toxoplasmosis in the population studied. Our study clearly overcomes this problem and shows that most cases of primary infection in the studied population acquired at ages at which most conceptions occur (20--30 years in urban and 30--40 years in rural areas), so the rate of congenital toxoplasma infection (severe symptomatic to mild or nonsymptomatic at birth) in Isfahan Province should be high. If we consider the pattern of lifestyle and assume that the risk of primary infection does not change during pregnancy, our data analysis revealed the theoretical estimate of congenital toxoplasmosis as high as 1.1% in women aged 30--40 years in rural areas and 1.28% in women aged 20--30 years in urban areas of the province. Since most congenitally infected infants solely present the signs and symptoms of infection in future and this could be prevented or alleviated by early diagnosis and treatment during pregnancy or at birth, it could be very important to investigate this possibility in high-risk infants. Furthermore, warning and training women before pregnancy about the significance of the infection and offering preventive measures has paramount importance.

In our study, the seroprevalence in the age range 10-20 years (18.9%) is close to a previous study in highschool girls in Isfahan city\[[@ref4]\] (17%) and other parts of Iran (10% in Fasa\[[@ref3]\] and 17.7% in Tehran\[[@ref5]\] cities). Lower prevalence in this age group remains many women vulnerable to primary infection during pregnancies at further ages \[[Figure 1](#F1){ref-type="fig"}\] and increases the risk of congenital toxoplasmosis in the community. We recommend similar studies to be done in other parts to investigate high-risk women for primary toxoplasma infection and to plan the most appropriate method for prevention of congenital infection.

The seroprevalence in the age range 40--50 years in rural areas and 30--50 years in urban districts is lower than that observed in previous age groups \[[Figure 1](#F1){ref-type="fig"}\]. These differences might be related to changes in nutritional pattern and behaviors in subsequent generations or the frequency of the infection in intermediate hosts.

Married women in the age range 20-30 years have a higher seroprevalence than unmarried women. It seems that changes in nutritional pattern and behaviors after marriage can increase exposure of women to *T. gondii* parasite. After marriage, most women in Iran have responsibilities for preparing meals, which can expose them to infective meat and vegetables. The marriage has no effect on seroprevalence in groups of higher ages. In some researches performed in various parts of Iran, the seroprevalence rates in single women aged 10--40 years (34% in Ghazvin,\[[@ref8]\] 48.2% in Gorgan,\[[@ref9]\] and 63.9 in Babol\[[@ref10]\] ) were higher than those in single girls aged 10--20 years (10% in Fasa,\[[@ref3]\] 17% in Isfahan,\[[@ref4]\] and 17.7% in Tehran\[[@ref5]\] cities). This may be due to involvement in food preparation activities in single women aged 20--30 years.

Our research elucidate the residence area (rural versus urban areas) has no effect on seroprevalence of toxoplasma infection. Other studies in Cuba,\[[@ref33]\] Denmark,\[[@ref34]\] and Sweden,\[[@ref35]\] as well as in northwestern\[[@ref8]\] and northern\[[@ref9][@ref36]\] Iran, were in favor of this result.

Despite other reports in inverse relationship between education and *T. gondii* infection,\[[@ref8][@ref9][@ref12][@ref32]\] we found no significant correlation. Interestingly, the prevalence in the educated group (54.4%) was higher than that in the uneducated group (33.3%).

CONCLUSION {#sec1-5}
==========

This study suggests a moderate prevalence of *T. gondii* infection in Isfahan State and a high primary infection in reproductive ages necessitating an active strategy for the prevention of congenital toxoplasmosis in the province.
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